New records of alien and cryptogenic marine bryozoan, mollusc, and tunicate species in Libya by Rizgalla, Jamila et al.
 BioInvasions Records (2019) Volume 8, Issue 3: 590–597
 
Rizgalla et al. (2019), BioInvasions Records 8(3): 590–597, https://doi.org/10.3391/bir.2019.8.3.15 590 
 CORRECTED  PROOF  
 
 
Rapid Communication  
New records of alien and cryptogenic marine bryozoan, mollusc,  
and tunicate species in Libya 
Jamila Rizgalla1,*, Andrew P. Shinn2,3 and Fabio Crocetta4 
1Department of Aquaculture, Faculty of Agriculture, University of Tripoli, Tripoli, Libya 
2Institute of Aquaculture, University of Stirling, UK 
3Fish Vet Group Asia Limited, Saensook, Chonburi, 20130, Thailand 
4Department of Integrative Marine Ecology, Stazione Zoologica Anton Dohrn, Villa Comunale, I-80121 Napoli, Italy 
Author e-mails: jamilarizgalla@gmail.com (JR), andy.shinn@fishvetgroup.com (APS), fabio.crocetta@szn.it (FC) 
*Corresponding author 
   
 
Abstract 
New records of alien and cryptogenic invertebrate marine species in Libya are 
reported here based on field surveys conducted from June to November 2018, in a 
shallow bay next to the city of Tripoli. Those identified here include the cerithiid 
gastropod Cerithium scabridum Philippi, 1848, the goniodoridid sea slug Okenia 
longiductis Pola, Paz-Sedano, Macali, Minchin, Marchini, Vitale, Licchelli and 
Crocetta, 2019, the “spaghetti bryozoan” Amathia verticillata (delle Chiaje, 1822), 
and the ascidian Symplegma brakenhielmi (Michaelsen, 1904). 
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Introduction 
About one thousand alien species have been recorded in the Mediterranean 
Sea. Of the various pathways through which they may have been introduced, 
the movement through the Suez Canal (Galil et al. 2017), by both natural 
dispersal (Shefer et al. 2004) and assisted commercial shipping traffic, is 
one of the principal routes for possible introductions (Katsanevakis et al. 
2014; Zenetos et al. 2017). The translocation of species through shipping 
activity may result from the discharge of ballast water or, in the case of 
biofouling organisms such as ascidians, bryozoans, and molluscs, they may 
be carried on the hulls of vessels (Gewing and Shenkar 2017) or attached to 
man-made debris such as ropes and plastic bottles (Barnes 2002; Miralles 
et al. 2018). This study was conducted in a shallow water bay close to the 
commercial port of Libya’s capital, Tripoli, in the south-eastern part of the 
Mediterranean Sea, and provides the first report of the presence of two 
alien and two cryptogenic species in Libya. The species include the 
molluscs Cerithium scabridum Philippi, 1848 and Okenia longiductis Pola, 
Paz-Sedano, Macali, Minchin, Marchini, Vitale, Licchelli and Crocetta, 
2019, the bryozoan Amathia verticillata (delle Chiaje, 1822), and the 
tunicate Symplegma brakenhielmi (Michaelsen, 1904). 
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Historically, C. scabridum was among the first alien species to be 
recorded in the Mediterranean Sea; the first record of its occurrence was 
from Port Said, Egypt in 1883 (Zenetos et al. 2017). This species is 
commonly considered to be a Lessepsian migrant, and now has a wide 
distribution throughout the Indo-Pacific and the Red Sea (Zenetos et al. 
2004). Following its first report from Egypt, C. scabridum has since 
colonised nearly the entire eastern reaches of the Mediterranean Sea, 
extending into the central Mediterranean to Italy and Tunisia (Gofas and 
Zenetos 2003; Antit et al. 2011; Zenetos et al. 2017; Servello et al. 2019). 
Okenia longiductis is a goniodoridid sea slug that has been frequently 
misidentified as O. zoobotryon (Smallwood, 1910) in the Mediterranean Sea, 
and is commonly associated with the bryozoan A. verticillata. This sea slug 
has been recently described from Spain, Italy, and Slovenia (Trainito and 
Doneddu 2014; Ballesteros et al. 2016; Lipej et al. 2017; Pola et al. 2019). 
Amathia verticillata, a bryozoan initially described from the Gulf of Naples 
(Italy) as Hydra verticillata delle Chiaje (1822), has a worldwide distribution 
with reports from the Mediterranean, Caribbean, Atlantic, and Indo-Pacific 
(Minchin et al. 2016). The putative alien status assigned to this species in 
the Mediterranean Sea has been debated in the recent literature (Galil and 
Gevili 2014; Marchini et al. 2015). In the absence of molecular data to 
support its status, the species is ranked here as cryptogenic. 
Symplegma brakenhielmi, an alien tunicate that originated from the 
Indian Ocean (Monniot and Monniot 1997), has a worldwide distribution 
(Lambert and Lambert 1998). While it was originally limited to the eastern 
Mediterranean Sea, with reports from Lebanon, Turkey, Cyprus (Bitar and 
Kouli-Bitar 2001; Çinar et al. 2006; Ulman et al. 2017; Gerovasileiou et al. 
2017), and the latest records from Italy, it has also expanded into the 
western Mediterranean Sea (Mastrototaro et al. 2019). 
The goal of our field surveys is to document the presence of any new, 
previously undocumented, marine invertebrate species in the northwest 
Libyan coastal region of the Mediterranean Sea. The findings reported here 
may contribute to the body of information on alien species in Libyan 
waters resulting from ongoing surveys. 
Materials and methods 
Field surveys were conducted from 14th June to 7th November 2018, in a 
touristic region in western Tripoli, in an area known as “Regatta” or “Magribi 
Arabic Touristic Village”, which covers an area of approximately 90 hectares 
with a 2.2 km long coastline. Along this coastline, there is a shallow water, 
natural bay (32.853970; 13.054376) with two islands that are subject to tidal 
movements (Figure 1A); the bay is close to the commercial port of Libya’s 
capital, Tripoli. The natural bay consists of sandy and rocky substrates covered 
by algae; sea temperatures for the area range from 20–25 °C (World sea water 
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Figure 1. (A) Survey area (outlined in yellow) detailing where each of the alien and cryptogenic 
species from “Regatta”, Libya were found. The zones where specimens of Cerithium scabridum 
Philippi, 1848 were found are marked as black rectangles, while the white arrowheads indicate 
where specimens of Okenia longiductis Pola, Paz-Sedano, Macali, Minchin, Marchini, Vitale, 
Licchelli and Crocetta, 2019 and Amathia verticillata (delle Chiaje, 1822) were found, while the 
black ovals highlight where specimens of Symplegma brakenhielmi (Michaelsen, 1904) were 
found. (B) A live specimen of C. scabridum. Picture credit: J. Rizgalla. 
temperatures 2019), and salinities range from 35.5 to 36.4 ppt (El Ezabi et 
al. 2016). Weather and the political situation permitting, field surveys 
consisted of a consecutive series of 2–6 hour-long, daily, shallow water, 
snorkel dives from 0 to 2 m depth at multiple locations within the bay. 
During the surveys, marine specimens were photographed in situ using 
an Olympus Tough camera and then collected by hand and transferred 
into plastic containers. In the laboratory, specimens were observed under a 
dissecting (Hamillton) and compound microscope (Carl Zeiss Axiostar) 
and photographed. Subsequently, specimens were fixed in either 10% 
neutral buffered formalin (10% NBF) or 85% ethanol, and then stored in a 
private archive maintained by the first author. Egg-masses and five 
specimens of O. longiductis attached to A. verticillata were maintained for 
10 days in an aerated sea water tank; these specimens were identified using 
descriptions provided by Pola et al. (2019). 
Results 
Four species were discovered during the dive surveys at the “Regatta” site and 
identified as Cerithium scabridum, Okenia longiductis, Amathia verticillata, 
and Symplegma brackenhielmi. Empty shells and living specimens of 
C. scabridum (Figure 1B) were usually found in large aggregations (i.e. > 30 
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Figure 2. Alien and cryptogenic species documented from the study site at “Regatta”, Libya. 
(A) Okenia longiductis found on the bryozoan Amathia verticillata; (B) Amathia verticillata 
attached to a rocky substrate with egg-masses of O. longiductis attached to it; (C) an adult 
specimen of O. longiductis in the process of depositing an egg-mass on the surface of a plastic 
aquarium; and, (D) a free-swimming veliger of O. longiductis. Picture credits: J. Rizgalla. 
individuals), commonly on sandy-muddy substrates or on rocks, at depths 
ranging from 20 cm to 1 m. A total of 10 empty shells and five living 
specimens were collected – two specimens were fixed in 10% NBF, and 
three specimens were preserved in 85% ethanol. 
Okenia longiductis and its egg masses were found in association with the 
bryozoan A. verticillata (see Figure 2A, B), from late July until the end of 
the study period in November. These sea slugs were usually found moving 
over the bryozoan and egg-masses and were seen attached to the branched 
stolons (Figure 2B). Five specimens of O. longiductis, in association with 
the bryozoan, were transferred to a static, 1 litre, plastic, aerated seawater 
aquarium. These molluscs subsequently laid several egg-masses, with no 
discernible preference between the surface of the aerated tank (Figure 2C) 
and the branched stolons of A. verticillata. At least four egg-masses were 
laid by two individuals on the plastic container surface. The number of 
eggs per egg-mass was not determined. After approximately five days, 
veligers were observed in the tank (Figure 2D); a total of 15 specimens were 
preserved, with eleven being fixed in 10% NBF and four in 85% ethanol. 
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Figure 3. Cryptogenic and alien species from recorded at the study site at Regatta, Libya.  
(A) Colonies of the bryozoan Amathia verticillata and, (B) the tunicate Symplegma 
brakenhielmi attached to a rocky substrate. Picture credits: J. Rizgalla. 
Amathia verticillata were frequently encountered in high densities 
(Figures 3A) throughout the entire study period, attached to rocky 
substrates that were also colonised by various unidentified sponges. While 
the species was commonly seen throughout June, July, and August, 
increasing in numbers from mid-July onwards, it was noticeably absent at 
the beginning of September, but then re-appeared mid to late September, 
although in reduced densities and in smaller-sized colonies. A total of two 
specimens were collected and fixed in 10% NBF and subsequently 
identified using the descriptions provided in Galil and Gevili (2014). 
Specimens of the ascidian Symplegma brakenhielmi were found attached 
to the surface of exposed rocky substrates on both islands, in the channel 
between the two islands, and at depths ranging from 20 cm to 1 m (Figure 3B). 
A total of two specimens were collected, fixed in 10% NBF, and subsequently 
identified using the descriptions provided in Mastrototaro et al. (2019). 
Discussion 
The shallow water “Regatta” study site in the environs of a major commercial 
port suggests this may be a local hotspot and port of arrival for alien species 
(Rizgalla et al. 2018, 2019a, b). To date, a total of three alien (C. scabridum, 
Haminoea cyanomarginata Heller and Thompson, 1983, and S. brakenhielmi) 
and three cryptogenic species (O. longiductis, Aplysia dactylomela Rang, 
1828 and A. verticillata) have been reported from the “Regatta” natural bay 
site, and Fulvia fragilis (Forsskål in Niebuhr, 1775) from the nearby Tripoli 
Harbour site (Rizgalla et al. 2018, 2019a, b; present paper). Among these, 
the ascidian S. brakenhielmi appears to be the most widespread across the 
study site. This taxon is known to be facilitated by its ability to live in most 
environments and on hard substrates (Lambert 2002), being a hull-fouling 
species with low nutrient requirements and having the capacity to establish 
in a wide range of environments (Lambert 2002; Gewing and Shenkar 
2017; Ulman et al. 2017). Cerithium scabridum was also found in large 
aggregations, with colonies ranging in 3–10 mm in total height. This taxon 
had almost entirely replaced native small congeneric species, occupying 
 New records of alien and cryptogenic marine species in Libya 
 Rizgalla et al. (2019), BioInvasions Records 8(3): 590–597, https://doi.org/10.3391/bir.2019.8.3.15 595 
hard substrates along the eastern Mediterranean coastline (Mienis 2003), 
and is able to colonise a wide range of environments in all kinds of natural 
and man-made substrates (Ben Souissi et al. 2005; Albano and Trono 2008; 
Crocetta et al. 2009). Further and longer-term investigations of these 
species are required to better understand their occurrence, local distribution, 
density, and capacity to establish breeding populations. For example, while 
A. verticillata is known to cause adverse effects to fishing gears, aquaculture 
cages, and harbour structures, the prevalence of the species also appears 
subject to wide-seasonal fluctuations (Marchini et al. 2015; McCann et al. 
2015; Jebakumar et al. 2017), and a similar situation may hold for the three 
sea slugs mentioned above. 
Although the precise routes of introduction of these taxa into Libyan 
waters remains to be determined, they are already widespread in parts of 
the Mediterranean Sea, suggesting that their local spreading may have been 
through secondary natural dispersal from nearby populations. Two species 
recorded from the current study, however, are commonly cited as species 
associated with biofouling and shipping traffic; therefore, activity within 
Tripoli Harbour, situated close (i.e. 12 km) to the study site, may have also 
played a role in their local arrival. 
Acknowledgements 
The authors wish to thank Dr. Mary Carman and two anonymous reviewers for their comments 
on the manuscript. 
References 
Albano PG, Trono D (2008) Record of the alien species Cerithium scabridum Philippi, 1848 
(Gastropoda: Cerithiidae) from Otranto, southern Adriatic Sea. Bollettino Malacologico 44: 
1–4 
Antit M, Gofas S, Salas C, Azzouna A (2011) One hundred years after Pinctada: an update on 
alien Mollusca in Tunisia. Mediterranean Marine Science 12: 53–73, https://doi.org/10.12681/ 
mms.53 
Ballesteros M, Madrenas E, Pontes M (2016) Actualización del catálogo de los moluscos 
opistobranquios (Gastropoda: Heterobanchia) de las costas catalanas. Spira 6: 1–28 
Barnes DKA (2002) Invasions by marine life on plastic debris. Nature 416: 808–809, 
https://doi.org/10.1038/416808a 
Ben Souissi J, Trigui El, Menif N, Mahjoub MS, Méjri H, Zaouali J, Capapé C (2005) On the 
recent occurrence of marine exotic species in the Tunisian waters. Coastal Environment 3: 
529–540 
Bitar G, Kouli-Bitar S (2001) Nouvelles données sur la faune et la flore benthiques de la côte 
Libanaise. Migration Lessepsienne. Thalassia Salentina 25: 71–74 
Çinar ME, Bilecengolu M, Öztürk B, Can A (2006) New records of alien species on the 
Levantine coast of Turkey. Aquatic Invasions 1: 84–90, https://doi.org/10.3391/ai.2006.1.2.6 
Crocetta F, Renda W, Colamonaco G (2009) New distributional and ecological data of some 
marine alien molluscs along the southern Italian coasts. Marine Biodiversity Records 2: e23, 
https://doi.org/10.1017/S1755267208000274 
El Ezabi KJ, Alawar AM, Tresh M, Shtewi A, Al Garyani F (2016) Determine heavy metal 
concentrations in proximity of non-treated sewage water outlets along the coastal waters of 
Tripoli. Global Libyan Journal 12 [in Arabic] 
Galil BS, Gevili R (2014) Zoobotryon verticillatum (Bryozoa: Ctenostomatida, Vesiculariidae), 
a new occurrence on the Mediterranean coast of Israel. Marine Biodiversity Records 7: e17, 
https://doi.org/10.1017/S1755267214000086 
Galil B, Marchini A, Occhipinti-Ambrogi A, Ojaveer H (2017) The enlargement of the Suez 
Canal - Erythraean introductions and management challenges. Management of Biological 
Invasions 8: 141–152, https://doi.org/10.3391/mbi.2017.8.2.02 
 New records of alien and cryptogenic marine species in Libya 
 Rizgalla et al. (2019), BioInvasions Records 8(3): 590–597, https://doi.org/10.3391/bir.2019.8.3.15 596 
Gerovasileiou V, Akel EHKh, Akyol O, Alongi G, Azevedo Babali FN, Bakiu R, Bariche M, 
Bennou A, Castriota L, Chintiroglou CC, Crocetta F, Deidun A, Galinou-Mitsoudi S, 
Giovos I, Gökoğlu M, Golemaj Α, Hadjioannou L, Hartingerova J, Insacco G, Katsanevakis 
S, Kleitou P, Korun J, Lipej L, Malegue M, Michailidis N, Mouzai Tifoura A, Ovalis P, 
Petović P, Piraino S, Rizkall SI, Rousou M, Savva I, Şen H, Spinelli A, Vougioukalou G, 
Xharahi E, Zava B, Zentos A (2017) New Mediterranean biodiversity records, July, 2017. 
Mediterranean Marine Science 18: 355–384, https://doi.org/10.12681/mms.13771 
Gewing M, Shenkar N (2017) Monitoring the magnitude of marine vessel infestation by non-
indigenous ascidians in the Mediterranean. Marine Pollution Bulletin 121: 52–59, 
https://doi.org/10.1016/j.marpolbul.2017.05.041 
Gofas S, Zenetos A (2003) Exotic molluscs in the Mediterranean basin: Current status and 
perspectives. Oceanography and Marine Biology 41: 237–277 
Jebakumar JPP, Nandhagopal G, RajanBabu B, Ragumaran S, Ravichandra V, Marchini A, 
Minchin D (2017) The bryozoan Amathia verticillata (delle Chiaje, 1822) fouling harbours 
of the southeast coast of India: re-evaluating its status. BioInvasions Records 6: 211–216, 
https://doi.org/10.3391/bir.2017.6.3.05 
Katsanevakis S, Coll M, Piroddi C, Steenbeek J, Ben Rais Lasram F, Zenetos A, Cardoso AC 
(2014) Invading the Mediterranean Sea: biodiversity patterns shaped by human activities. 
Frontiers in Marine Science 1: 32, https://doi.org/10.3389/fmars.2014.00032 
Lambert CC, Lambert G (1998) Non-indigenous ascidians in southern California harbors and 
marinas. Marine Biology 130: 675–688, https://doi.org/10.1007/s002270050289 
Lambert G (2002) Nonindigenous ascidians in tropical waters. Pacific Science 37: 291–298, 
https://doi.org/10.1353/psc.2002.0026 
Lipej L, Trkov D, Mavrič B (2017) Polži zaškrgarji slovenskega morja. Piran: Nacionalni 
Inštitut za Biologijo, Morska Biološka Postaja, 301 pp 
Marchini A, Ferrario J, Minchin D (2015) Marinas may act as hubs for the spread of the 
pseudo-indigenous bryozoan Amathia verticillata (Delle Chiaje, 1822) and its associates. 
Scientia Marina 79: 355–365, https://doi.org/10.3989/scimar.04238.03A 
Mastrototaro F, Salonna M, Grieco F, Traiito E, Chimienti G, Gissi C (2019) Hitch-hikers of 
the sea: concurrent morphological and molecular identification of Symplegma brakenhielmi 
(Tunicata: Ascidiacea) in the western Mediterranean Sea. Mediterranean Marine Science 
20: 197–207, https://doi.org/10.12681/mms.19390 
McCann L, Keith I, Carlton JT, Ruiz GM, Dawson TP, Collins K (2015) First record of the 
non-native bryozoan Amathia (= Zoobotryon) verticillata (delle Chiaje, 1822) (Ctenostomata) 
in the Galápagos Islands. BioInvasions Records 4: 255–260, https://doi.org/10.3391/bir.2015. 
4.4.04 
Mienis HK (2003) Native marine molluscs replaced by Lessepsian migrants. Tentacle 11: 15–16 
Minchin D (2017) The bryozoan Amathia verticillata (delle Chiaje, 1822) fouling harbours of 
the southeast coast of India: re-evaluating its status. BioInvasions Records 6: 211–216, 
https://doi.org/10.3391/bir.2017.6.3 
Minchin D, Liu TK, Cheng M (2016) First record of bryozoan Amathia (= Zoobotryon) 
verticillata (Bryozoa: Vesiculariidae) from Taiwan. Pacific Science 70: 509–517, 
https://doi.org/10.2984/70.4.9 
Miralles L, Gomez-Agenjo M, Rayon-Viña F, Gyraitė G, Garcia-Vazquez E (2018) Alert 
calling in port areas: Marine litter as possible secondary dispersal vector for hitchhiking 
invasive species. Journal for Nature Conservation Journal for Nature Conservation 42: 12–18, 
https://doi.org/10.1016/j.jnc.2018.01.005 
Monniot C, Monniot F (1997) Records of ascidians from Bahrain, Arabian Gulf with three new 
species. Journal of Natural History 31: 1623–1643, https://doi.org/10.1080/00222939700770871 
Pola M, Paz-Sedano S, Macali A, Minchin D, Marchini A, Vitale F, Licchelli C, Crocetta F 
(2019) What is really out there? Review of the genus Okenia Menke, 1830 (Nudibranchia: 
Goniodorididae) in the Mediterranean Sea with description of two new species. PLoS ONE 
14: e0215037, https://doi.org/10.1371/journal.pone.0215037 
Rizgalla J, Fridman S, Ben Abdallah A, Bron JE, Shinn AP (2018) First record of the non-
native sea snail Haminoea cyanomarginata Heller & Thompson, 1983 (Gastropoda: 
Haminoeidae) in the Southern Mediterranean Sea. BioInvasions Records 7: 411–414, 
https://doi.org/10.3391/bir.2018.7.4.09 
Rizgalla J, Bron JE, Crocetta F, Shinn AP, Almabruk SAA (2019a) First record of Aplysia 
dactylomela Rang, 1828 (Mollusca: Gastropoda) in Libyan coastal waters. BioInvasions 
Records 1: 80–86, https://doi.org/10.3391/bir.2019.8.1.08 
Rizgalla J, Shinn AP, Crocetta F (2019b) First documented record of the invasive cockle Fulvia 
fragiles (Forsskål in Niebuhr, 1775) (Mollusca: Bivalvia: Cardiidae) in Libya. BioInvasions 
Records 8: 314–319, https://doi.org/10.3391/bir.2019.8.2.13 
Shefer S, Abelson A, Mokad O, Geffen E (2004) Red to Mediterranean Sea bioinvasion: natural 
drift through the Suez Canal, or anthropogenic transport? Molecular Ecology 13: 2333–
2343, https://doi.org/10.1111/j.1365-294X.2004.02227.x 
World sea water temperatures (2019) http://www.seatemperature.info (accessed 12 May 2019) 
 New records of alien and cryptogenic marine species in Libya 
 Rizgalla et al. (2019), BioInvasions Records 8(3): 590–597, https://doi.org/10.3391/bir.2019.8.3.15 597 
Servello G, Andaloro F, Azzurro E, Castriota, L, Catra M, Chiarore A, Crocetta F, 
D'Alessandro M, Denitto F, Froglia C, Gravili C, Langer M, Lo Brutto S, Mastrototaro F, 
Petrocelli A, Pipitone C, Piraino S, Relini G, Serio D, Xentidis NJ, Zenetos A (2019) 
Marine alien species in Italy: a contribution to the implementation of descriptor D2 of the 
Marine Strategy Framework Directive. Mediterranean Marine Science 20: 1–48, 
https://doi.org/10.12681/mms.18711 
Trainito E, Doneddu M (2014) Nudibranchi del Mediterraneo. Seconda edizione. Il Castello, 
192 pp 
Ulman A, Ferrario J, Occhpinti-Ambrogi A, Arvanitidis C, Band A, Bertolino M, Bogi C, 
Chatzigeorgiou G, Çiçek BA, Deidun A, Ramos-Espla A, Koçak C, Lorenti M, Martinez-
Laiz G, Merlo G, Princisgh E, Scribano G, Marchini A (2017) A massive update of non-
indigenous species records in Mediterranean marinas. PeerJ 5: E3954, https://doi.org/10. 
7717/peerj.3954 
Zenetos A, Gofas S, Russo G, Templado J (2004) CIESM Atlas of exotic species in the 
Mediterranean. Vol. 3. In: Briand F (ed), Molluscs. CIESM Publishers, Monaco, 380 pp 
Zenetos A, Çinar, ME, Crocetta F, Golani D, Rosso A, Servello G, Shenkar N, Turon X, 
Verlaque M (2017) Uncertainties and validation of alien species catalogues: the 
Mediterranean as an example. Estuarine, Coastal and Shelf Science 191: 171–187, 
https://doi.org/10.1016/j.ecss.2017.03.031 
